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INTRODUCTION
Trace gaseous contamination in the cabin environment is a major concern for manned spacecraft, especially those designed for long duration missions, such as the ISS. Potential health risks to the crew can arise if the concentrations of trace atmospheric components are not properly controlled. A contaminated environment can also adversely affect sensitive payloads and equipment accommodated in the spacecraft.
For these reasons, design requirements for ISS modules place limits on internal airborne contamination by defining spacecraft maximum allowable concentrations (SMACs) for trace atmospheric components. Controls rely on a combination of passive and active methods. Passive methods include carefully selecting materials of construction and manufacturing processes as well as regulating in-flight operations performed by the crew. Active methods include maintaining adequate ventilation rates and deploying air quality control equipment to continually remove contaminants from the cabin atmosphere. Monitoring systems ensure that the passive and active control methods are working. The Europeanbuilt Columbus laboratory module (Figure 1 ) employs primarily passive controls and relies upon ventilation with and active air quality control equipment located in interfacing modules elements to continually remove contaminants produced by equipment offgassing.
During the design phase, predicting the Columbus module's contribution to the ISS's overall trace contaminant load relied on "trace gas budgeting" based on material level and assembled article tests data. Cases for both on-orbit and isolated conditions were analyzed. In support of the Qualification Review, a final offgassing test has been performed on the complete Columbus module to gain cumulative system offgassing data. Test results have been utilized for a final offgassing evaluation, where predictions for the same cases, onorbit and isolated, have been formulated. The test has been conducted in active mode, representative of the onorbit module condition, and the offgassing rate results have been conservatively extended also to the passive mode, representative of isolated module conditions. close-out on-ground (Astrium-Bremen clean room) and hatch reopening on-station, currently estimated as 180 days RESULTS -Results were directly obtained from the generated database, in terms of concentrations. Trace gas contamination levels in the IMV supply air (ISS to Columbus) or, as equivalent, the removal rates at the Columbus IMV interface are unknown. Therefore we evaluated the "Columbus contribution" to Columbus concentration levels: actual Columbus levels will be the sum of the Columbus contribution plus the IMV contribution. To assess performances of the ISS trace gas removal system, the lSS performs an overall analysis.
Here below the main results relevant to the two analyzed cases are reported and compared to the applicable SMACs.
For easier interpretation of results, the concentration to SMAC ratios are also reported as well as the Time to SMAC for the isolated conditions. For the on station nominal conditions the calculated concentrations have been compared with relevant 180 days CSRD SMACs, i.e. the ones to be considered for long term exposure. On the other hand, for isolated conditions, the calculated concentrations have been compared with relevant 1 hour CSRD SMACs, i.e. the ones to be considered for short term exposure. We supposed that the crew could be exposed to such levels for less than one hour, Le. the 'relatively high concentrations' reached during the isolation phase will quickly decrease in the first hours due to air revitalization via IMV/hatch. 
STANDARD TEST AND LABORATORY EQUIPMENT -
The air samples has been collected by means of The first background sampling of the clean room environment, taken approximately 4 days before the beginning of the Offgassing Test, was intended not only to measure the background contamination but also to optimize the needed sampling volumes. The volume of each sample was tailored to the needed accuracy.
The detailed sampling sequence is reported in Table 4 .
The Columbus module has been operated with a slight overpressure in order to avoid incoming air from the cleanroom. Therefore, after each sampling activity the module has been repressurized to recover the pressure decay due to the sampling itself. The module pressurization has been performed with a Nitrogen Pressure Supply Unit, utilizing class 4 nitrogen. The overpressure has been checked at least every 12 hours.
, ,For closure of the Columbus offgassing requirements, *just the gases defined in the CSRD SMAC were presented and their trends were plotted in a dedicated "Gas data sheet", similar to the one represented in Figure 4 .
On the same data sheet, calculation dedicated to the final offgassing evaluation were reported. level reached -the production rates is considered to be zero at the end of the test. Gases part of this group are: 2-Propano1, Trichloroethylene, Trimethylsilanol and Xylenes (see Figure 5 ).
Measured concentrations fluctuating -a linear interpolation, by using the least squares method, has been adopted for the calculation of the production rates. Gases part of this group are: Formaldehyde, Carbon dioxide, 1,2-DichIoroethane, 2-Ethoxyethanol (see figure 6 ), Freon 113, Octamethyltrisiloxane and Methane.
Non detectable concentrations -the production rates have been conservatively calculated assuming the concentration at the end of the test equal to the detection limit for the specific gas. Gases part of this group are: Acrolein (see Figure 7) , Carbon monoxide, Ammonia, Methanol and Dichloromethane. As a remark, we do not consider Hydrogen, Mercury, Indole, Hydrazine and Methyl hydrazine as part of this group since their production is avoided by design and by the absence of metabolic generation during the test. Table 5 and 6, respectively for the On station and the isolated conditions. Also in this case, we calculated the "Columbus contribution" to Columbus concentration levels.
For easier interpretation of results, the concentration to SMAC ratios are also presented as well as the Time to SMAC for the isolated conditions. 
COMPARISON BETWEEN ANALYTICAL PREDICTIONS AND TEST RESULTS
An interesting exercise is to compare the analytical predictions by "trace gas budgeting" with the module level test results. 
COMPARISON TO OTHER ISS ELEMENT TESTS
Offgassing tests conducted for the U.S. Segment elements have been in the passive mode. That is, the module systems were not powered during the testing. Testing duration ranged from 120 hours for Node 1 to 444 hours for the U.S. Lab module. The typical goal is for the minimum passive testing duration to be approximately one-fifth the planned elapsed time between final hatch closure on the ground and first crew entry on orbit. This allows for the passive offgassing test results to prove more precise prediction of cabin air quality at the time the crew enters the module for the first time. In the next planned Columbus offgassing test, the module will be passive and with payloads integrated. The test duration will be set according to the above mentioned guideline to ensure consistency. Table 9 provides a summary of the major U.S. Segment passive element-level offgassing test results. [6, 7, 81 Decarnethylcyclopentasiloxane In comparison, results from the Columbus module active testing indicates offgassing rates that are comparable to those observed during passive testing of other U.S. Segment modules. Overall, the Columbus module testing results most closely resembles those obtained during testing of Node 1.
These are very encouraging results because temperature and equipment age can significantly affect offgassing rate. The active testing condition can induce elevated temperature that can contribute up to 10 times greater offgassing rates compared to equipment at 20 %. [9] Equipment age can also result in significant offgassing rate reduction. The offgassing rate for equipment aged 50 days has been reported to decrease by >90%. [10] Taking these effects into account, the Columbus module equipment offgassing load can be . .
expected to be lower when launched and activated on, orbit. A more direct comparison will be possible once the' final passive offgassing test is conducted on the Columbus module.
, '
CONCLUSION
Conclusions from the Columbus module active offgassing test are the following:
1. The offgassing load from the Columbus module is expected to be well within the capabilities of the ISS's active cabin air quality control equipment.
2.
Columbus module active offgassing test results are comparable to those observed from passive tests of other U.S. Segment modules, particularly Node 1. 3. Conducting the final passive offgassing test as close to the Columbus module's launch is necessary to most accurately predict the trace gas concentrations at the time the crew enters for the first time.
